the local administration of biocompatible scaffolds with, or without the presence of growth factors, such as BMPs, TGFb, bFGF, PDGF, and IGF-l (7) (8) (9) (10) . While still largely experimental in nature, these developments are expected to offer new and improved alternatives to existing therapies to repair and maintain mature teeth. Most recently, the identification of putative dental stem cell populations capable of regenerating organized tooth structures has stimulated interest in the potential use of post-natal stem cell based therapies to treat the damage caused by trauma, cancer, caries, and periodontal disease (11) (12) .
In this study the features and biocompatibility of expanded ex vivo human mesenchymal stem cells obtained from dental pulp tissues (DP-MSCs) seeded on MTA, were examined under light and scanning electron microscopy.
MATERIALS AND METHODS
Cell culture. The local Ethics Committee approved the experimental protocol and the patients participated after providing informed consent. For this study, ten (n=lO) teeth were selected (VIII upper and lower, all protruding into the bucal cavity), which had to be extracted for orthodontic reasons, from patients of between 24 and 30 years old. After being informed on the applied therapy, all the patients signed the consent giving authorization use of the teeth. Extracted teeth were rinsed four times in phosphate -buffered saline (PBS) containing penicillin and streptomycin and subsequently the dental pulp was removed and cut into small pieces and cultured according to the manufacture's directions in MSCM medium provided by the company (Cambrex Company, Walkersville MD 21793-0127). After 20 days of cultures, numerous cells forming colonies (CFU-F) migrated from the explants. At day 7 adherent cells, which were 80-90% confluent by phase contrast microscopy, were isolated using 0.1% trypsin solution and plated in tissue culture polystyrene flasks at 5x I03 cells/cm2. Primary cultures of DP-MSCs mainly consisted of colonies of bipolar fibroblastoid cells which, after subcultivation, proliferated with a population doubling time of 48h, reaching a confluent growtharrested condition. Cells in the developing adherent layer were used for the experiments described after removal with 0.1% trypsin solution and cell growth was evaluated by trypan blue exclusion test.
Surfaces/scaffold. MTA biomaterials were prepared on the sterile surface, mixing the powder and liquid (sterile solutions). MTA was delicately applied directly into the pellet. The materials were treated with I% penicillin/streptomycin for Ih, washed with PBS and seeded with cells. The cells were incubated with MSCM medium and cultured for 24, 48, 72 h. Subsequently, they were processed for light and scanning microscopy analysis.
Flow cytometry analysis. Mesenchymal stem cells were washed in PBS and subsequently suspended in PBS .with saturating concentrations (I: 100 dilution) of the following conjugated mouse-anti human antibodies fluorescein isothiocyanate (FITC) conjugated: HLADr, HLAB27, CD2, CD3,CD7, CD34,CDl4, CD45, CD1l7, CD44; CD29, STROl, and CDl05, CD33, CD90, CDl66 phycoerythrin (PE) labeJled, for 30 minutes at 4°C. The ceJl suspension was washed twice with PBS and analysed on a FACStar plus flow cytometer (Becton-Dickinson, Mountain View, CA, USA). AJI antibodies were from Becton Dickinson. Experiments were repeated at least three times, with at least four different donors, with similar results.
Scanning electron microscopy. The ceJls were washed in O.IM phosphate buffer with 0.15M of sucrose to ensure the osmolarity remained at about 360 mOsm, prefixed for 20 h at 4°C in a 5 ml of glutaraldehyde at 2% in 0.05M phosphate buffer (pH 7.4) and then washed again with buffer solution. Following prefixation the specimens were treated with OTOTO method of post fixation as MALIK-WILSON (13), involving repeated exposure to osmium tetroxide and thiocarbohydrazide. AJI specimens were than dehydrated using graded alcohol series and Critical Point Dried (CPD) from liquid C02 in an Emitech K 850 (Emitech Ltd. Ashford, Kent,UK). AJI samples were mounted onto aluminium specimens holders using carbon adhesive discs, and very lightly coated with gold in an Emitech K 550 (Emitech Ltd. Ashford, Kent,UK) sputter coater before imaging by means ofa SEM (LEO 435 Vp Cambridge, UK) (13) .
RESULTS
The present study is limited to the investigation of the cellular morphology of dental pulp mesenchymal stem cells, in response to MTA incubation.
Initial light microscopy investigation of primary cultures of DP-MSCs showed a morphologically homogeneous fibroblast-like appearance with a stellate shape and long cytoplasmic processes. In general, the cells were adhered to each other, subsequently forming colonies (Fig.lA) . DP-MSCs seeded on MTA showed a high affinity to the surface of biomaterial. The cells growing in the direction of scaffolds and with contact and anchorage on the surface of the biomaterials, was evident. The cells had no signs of cell death or infection. (Fig. IB and C) .
The immunophenotype studied by flow cytometric analysis, disclosed the homogeneous expression of the mesenchymal-related antigens CD90, CD29, CD166, COl05, CD 44 ( Fig 2) and did not express HLADr, HLAB27, COl5, CD33, CD34, CD45, COl4, CD2, CD7, CD3. Arepresentative flowcytometry plot ofmesenchymal stem cells visualized according to light scatter reflect cytoplasmic granularity and large cell size (Fig 2) . The immunephenotype and morphological properties showed that DP-MSCs were similar to periodontal ligament, bone marrow mesenchymal cells and human umbilical cord perivascular cells. Scanning electron microscopy confirmed characteristic fibroblastoid-mesenchymal stem cells, with many cytoplasmic processes. The nuclei are round or oval-shaped and the secretory apparatus is very well represented. At higher magnification, the cytoplasmic elongation shows several vesicles of different size and very long filopodia that make contact with neighbour cells. Moreover, newly synthesized and secreted vesicles are present, probably the enhanced functioning of the secretory apparatus of the mesenchymal stem cells may be associated with the secretion of molecules required to survive and proliferate, probably involved in the paracrine and autocrine mechanisms (Fig. 3A) . Figure 3B shows DP-MSCs seeded on biomaterials. The cells revealed adhesion and continuous contact to substrate (arrows). Confluent cells layers were observed on uppermost biomaterials surface. In some cases cellular boundaries were not discernible due to the intimate contact between neighbouring cells. (Fig. 3B and C) . At higher magnification cellular proliferation and subsequent colonization of MTA was evident after 72 h of incubation starting from 24 h. DP-MSCs changed their morphology, in fact no philopodia and cytoplasmic processes are evident, on the contrary a lateral attachment between cells is clearly visible (Fig. 4D) . DISCUSSION
Using an in vitro study, many authors have demonstrated that the regulation of proliferation rate in anchorage -dependent cells was determined by cell morphology, which, in tum, was determined by the ability of cells to attach to the substratum and also by surface chemistry ofthe biomaterials (14) . An essential component in the regeneration of tissue is the use of a proper scaffold material. The function of the scaffold is to provide sites for cell adhesion, to support cell proliferation and differentiation and, thus, to promote tissue regeneration. Scaffolds for tissue engineering are usually 3-D, and are often designed to mimic all characteristics of natural structure. In previous research on dental pulp stem cells, a HAJTCP ceramic powder was used for the regeneration of dentin-pulp complex (15) . After several weeks, implanted human dental pulp cells produced a structure quite similar to a dentin-pulp complex (15) . Recently, Gronthos et al. have shown ex vivo that expanded ovine DP-MSCs mixed with hydroxyapatite/tricalcium phosphate formed a DSPP-positive dentin-like matrix surrounded by a distinct odontoblast layer and fibrous pulp tissue when implanted into immunocompromised mice (16) .
The aim of the this study is to evaluate the relationship between DP-MSCs and MTA. The immunephenotype of DP-MSCs disclosed the homogeneous presence of mesenchymal -related antigens as: CD29, CD44, CD lOS, CD 90, CDl66 and it has been demonstrated that they show multipotent differentiative capacity. Dental pulp is an easily accessible and efficient source of MSCs, with different kinetics and differentiation potentialities from MSCs as isolated from the bone marrow. The rapid proliferative capacity together with the immunoregulatory characteristics of DP-MSCs may prompt future studies aimed at using these cells in the treatment or prevention of T-cell alloreactivity in hematopoietic or in solid organ allogeneic transplantation.
Moreover, different authors have also shown that dental pulp, periodontal ligament and human umbilical cord perivascular cells represent a population of normal, rapidly expandable cells with intrinsic capacity of selfrenewal and can furthermore generate multiple cells that are able to differentiate in different tissues (17) (18) (19) .
Recently, comparing the gene expression profiles by microarrays analysis of human dental pulp cells and bone marrow stromal cells, it has been demonstrated that they possess similar levels of gene expression in more than 4000 known human genes (20) . Moreover, dental pulp is a viable source of easily attainable cells with a possible potential for cell transplantation therapies, indicating the presence of a cell population in the dental pulp with neuronal differentiation capacity (21) , and also having the ability to differentiate in mesenchymal tissue, after induction, offering a novel approach for regenerative medicine (22) (23) (24) . These results are in accordance with the existence in the adult organism of a biological niche of the mesenchymal stem cells that are not only restricted to bone marrow but are present in different tissues and, under defined inductive conditions, are able to acquire characteristics of cells derived from embryonic mesoderm, as well as possessing ectodermal and neuronal properties (25) (26) (27) . In this paper, apart from cytofluorimetric determination, we report the isolation and characterization, by morphological analysis, of a homogeneous mesenchymal stem cells population expanded ex vivo from dental pulp and their ability to grow in the presence of biomaterials. In fact, we have successfully demonstrated the cellular proliferation and subsequent colonization ofMTA from human DP-MSCs.
In conclusion, these cells could represent an ideal carrier for delivering genes into the tissues for gene therapy applications and tissue engineering, and, in particular, human DP-MSCs obtained from individual patients can eliminate all complications associated with immune rejection ofallogenic tissue and do not induce any immunoreactivity in the host upon local transplantation or systemic administration. In our laboratory, several studies are being carried out to enhance their clinical usefulness, to evaluate the maintenance and differentiation of this cell population and the signal transduction regulating their mechanism in vivo and in vitro and to estimate the ability ofMTA to provide a mechanical and inductive support for the time needed to obtain dentin/pulp regeneration.
